Highlights
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1. A factorial study using diets balanced on a digestible protein and energy basis with 24 combinations of four fish meal levels and four fish oil levels was undertaken with Asian seabass. 3. Gene expression was more responsive to variation in fish oil than fish meal. The reliance of aquaculture on fishmeal as a protein source and fish oil as a lipid source has been 3 recognised for a long time as a significant risk for the industry (Tacon and Metian, 2008) . Over the 4 recent past decades there have been a multitude of studies examining a range of different raw 5 materials that have potential application in reducing reliance on these resources for aquaculture 6 (reviewed by Gatlin et al., 2007 ; reviewed by Glencross, 2009 ). In assessing new and different raw 7 materials, a series of key knowledge elements is required to enable their effective utilisation by 8 the feed production sector. Those being the characterisation of the raw material, the 9 determination of its digestible nutrient and energy value, before assessing palatability and 10 utilisation value parameters (Glencross et al., 2007) .
11
For barramundi (Lates calcarifer), there has been a significant volume of work examining elements 12 of the raw material assessment process. Much of this work has focussed on either rendered 13 animal meals (Williams et al., 2001; 2003a; 2003b; Glencross, 2011; Glencross et al., 2011) or feed 14 grains (Glencross, 2011; Glencross et al., 2011; 2012a; Irvin et al., 2015; Ngo et al., 2015) . In both 15 cases it has been demonstrated that either rendered animal meals or feed grains can replace 16 substantial amounts of fishmeal in diets for this species. However, it has also been determined 17 that a critical threshold of 15% fishmeal was pertinent to barramundi, based on a diet balanced for 18 digestible protein, energy and amino acids using a plant protein concentrate as the alternative 19 (Glencross et al., 2011). 20 There has been less work on establishing the boundaries of fish oil replacement in feeds for 21 barramundi, though there has been much work done on other fish species (Borlongan and Parazo, 22 1991) . It has recently been demonstrated that the requirement for the long-chain polyunsaturated 23 fatty acids (LC-PUFA) for barramundi is around 1% of the diet (Glencross and Rutherford, 2011; 24 Salini et al., 2015a) . Other recent studies have demonstrated that it has been possible to replace 25 all the fish oil in barramundi diets, so long as high inclusions of fishmeal were maintained and this 26 level of LC-PUFA maintained (Alhazzaa et al., 2011). 27 In this study, it was hypothesised that the combined replacement of fishmeal and fish oil will be 28 problematic. But it was not known if the thresholds for this were singular or interactive. Therefore, 29 to address this question a factorial study of replacement in fishmeal (FM) and fish oil (FO) was 30 undertaken. To push the boundaries on this question FM inclusion was reduced from 30% to 0% at 31 10% increments, whilst FO has one inclusion level at 100%, but the other treatments were at 30%, 32 open-clam design with twin-screws each with dimensions of 24 x 600 mm (diameter x length). The was used. Each diet was extruded using the same temperature parameters. Water was 28 peristaltically pumped Falmouth, England) into the barrel at around 100 29 mL/min based on optimising the expansion of the pellet. Pre-conditioning and steam injection were not used during the process. Pellets were cut into 5 to 6 mm lengths using a four-bladed 1 variable speed cutter and collected on large aluminium oven trays (650 x 450 x 25 mm, L x W x D), 2 which were subsequently used for drying of the pellets at 60°C for 12 h. Following drying the 3 pellets were vacuum infused with their formulated allocation of oil. To infuse the oil an allocation 4 (~5kg) of the warm, dried uncoated pellets were weighed into the mixing bowl of a Hobart mixer 5 (Hobart, Ohio, USA) and the formulated allocation of warmed (60°C) oil slowly poured over the 6 pellets whilst they were being mixed. Once all the pellets were evenly coated, the bowl was 7 removed, a lid applied and the bowl chamber evacuated of air using vacuum pump. The vacuum 8 was maintained until all signs of air escaping from the pellets were seen to stop. At this point the 9 air pressure was slowly re-equilibrated, the lid removed and the pellets removed, bagged and 10 stored at 4ºC ready for use. The composition of each diet is shown in Table 3 were euthanized from the population at the beginning of the experiment as a representative initial 14 sample.
15
Each diet was manually fed to each tank of fish once daily (0900 -1000) to slight excess, based on 16 observation of several pellets being ignored by the fish during the feeding process, seven days a 17 week for 56-days. All feed fed and all uneaten feed was accounted for and correction factors 18 applied to the collected uneaten feed to allow the determination of feed consumption within each 19 tank (Helland et al., 1996) . This also ensures potential feed palatability effects could be evaluated 20 (Glencross et al., 2011) . Feeding once a day has already been proven to be suitable for this species 21 at this size (Williams et al., 2001 ).
22
At the end of the experiment (day 56) all fish in each tank were anesthetised prior to weighing and 23 tissue sample collection. A total of five fish were euthanized by AQUI-S™ overdose. Three of the 24 fish from each tank were towel dried to remove excess water and then frozen whole for total 25 carcass analysis. The other two fish were dissected for liver samples. The remaining fish were 26 stripped of faeces using the methods reported by Blyth et al. (2014) .
27
Frozen whole fish samples were minced by two passes through an industrial food processor to 28 ensure sample homogeneity. Samples were then collected and their moisture content determined 29 by oven drying at 105°C for 24 h and a second sample freeze-dried for chemical analysis. dried samples were milled to a powder prior to analysis. Blood samples were collected via the caudal tail vein from each of the five fish from each tank using a 1mL significantly affected by fishmeal content, but not fish oil content (Figure 1 and 2). Overall there 10 was a close relationship between weight gain and feed intake across all treatments (R 2 =0.838). 39.4% of total fatty acids to 45.6% of total fatty acids (Table 5) . Variability was greater in the total 26 PUFA, which ranged from 9.8% of total fatty acids to 19.6% of total fatty acids (Table 5) . Similarly, 27 the total LC-PUFA was also quite variable, ranging from 3.3% of total fatty acids to 13.2% of total 28 fatty acids (Table 5) .
Protein deposition efficiency (as defined by the protein gain relative to protein consumed) was 
Plasma chemistry
19
There were very few significant differences among the plasma chemistry parameters based on the 20 different dietary treatments (Table 6 ). The only notable effect was attributable to fish oil 21 replacement on the plasma cholesterol levels. Cholesterol levels declined significantly in response 
Liver gene expression
28
There was a significant effect of treatment on the expression of lipid metabolism genes (Table 7) . were also non-significant (P=0.363; Table 7 ). Other genes analysed for their expression in the liver 6 included C-reactive protein (CRP), heat shock protein 70 (HSP70) and cytosolic alanine 7 aminotransferase (cALAT). Variability among and within the different treatments was substantial 8 with these genes and as such no significant effects (P>0.05) were observed (Table 7) .
9
There was a high degree of similarity in the manner in which cALAT and FAS were expressed 10 among the different treatments. barramundi to be "fish-production-positive", with more fish being produced than that being used 27 to provide the feed. 
Body composition and nutrient deposition
generally related to fish size and weight gain as has been shown in other studies with this species 1 (Glencross and Bermudes, 2012). Importantly, there were no significant effects on carcass dry 2 matter, protein or lipid content that could be attributed to diet fishmeal or fish oil content. There was a trend with increasing FM replacement towards a reduction in total SFA, although the 7 replacement of FO produced a greater reduction in SFA. The total MUFA increased with FM 8 replacement and a similar degree of MUFA enrichment was also noted due to the FO replacement.
9
In this study the FO was replaced by ricebran oil which is relatively low in SFA and has a moderate 10 level of MUFA, and as such the composition of the fatty acids in the carcass of each treatment can 11 be seen to be largely reflecting those of their respective diets.
12
The deposition efficiency (as defined by the gain relative to nutrient consumed) was largely 13 unaffected by diet for protein deposition, but was so for both lipid and accordingly energy 14 deposition ( Figure 3 ). This effect on lipid and energy deposition was clearly responsive to fishmeal 15 inclusion but not to fish oil inclusion level (Figure 3 ). It can be argued that these effects are 16 consistent with those expected based on fish size differences, but also the marginal effect of feed 17 intake relative to daily energy demands (Glencross, 2006; Glencross and Bermudes, 2012) .
18
Deposition efficiency of the different fatty acids was slightly more variable than that of the macro- properties were not seen in the present study.
20
The only significant effect on plasma chemistry in the present study was attributable to fish oil 21 replacement on the plasma cholesterol levels ( The other genes analysed for their expression in the liver in this study (CRP, HSP70 and cALAT) 24 where those primarily directed at examining potential inflammation effects. However, consistent 25 with the observations from the plasma chemistry data there were no significant effects 26 attributable to any inflammation events due to the replacement of either FM or FO ( Figure 5 ).
27
However, substantial temporal variation in the expression of some of these genes has been 28 previously observed (Wade et al., 2014) . This may explain the large level of variance seen around 29 some of these genes which makes it difficult to define a significant effect, where as some genes, 30 like FAS are much more stable in their expression over a longer time period.
The co-expression observed between cALAT and FAS expression may be linked to the fact that 1 these two genes are generally up-regulated in those fish growing well (Wade et al., 2014 Heat maps of each of the performance parameters for each of the treatments in the study. Green is identified in the top 80% -100% percentile while red is identified in the lowest 20% to 0% percentile of performance in each criterion. Figure 2 .
Daily feed intake (g/tank) of pooled FM:30 series and FM:0 series treatments (A) over the full eight weeks. Note that the FM0 series are nearly always lower than the FM30 series. Daily feed intake (g/tank) of pooled FO:100 series and FO:0 series treatments (B) over the full eight weeks. Note that there is essential no difference between treatment series. Figure 3 .
Heat maps of each of the protein, lipid and energy deposition efficiency parameters for each of the treatments in the study. Green is identified in the top 80% -100% percentile while red is identified in the lowest 20% to 0% percentile of performance in each criterion. Figure 4 .
Heat maps of each of the n-3 and n-6 fatty acid deposition efficiency parameters for each of the treatments in the study. Green is identified in the top 80% -100% percentile while red is identified in the lowest 20% to 0% percentile of performance in each criterion. Figure 1 . Heat maps of each of the performance parameters for each of the treatments in the study. Green is identified in the top 80% -100% percentile while red is identified in the lowest 20% to 0% percentile of performance in each criterion. Heat maps of each of the protein, lipid and energy deposition efficiency parameters for each of the treatments in the study. Green is identified in the top 80% -100% percentile while red is identified in the lowest 20% to 0% percentile of performance in each criterion. Heat maps of each of the n-3 and n-6 fatty acid deposition efficiency parameters for each of the treatments in the study. Green is identified in the top 80% -100% percentile while red is identified in the lowest 20% to 0% percentile of performance in each criterion. All fatty acid data are % of total fatty acids. Elongation factor 1 alpha n/a F-AAATTGGCGGTATTGGAAC R-GGGAGCAAAGGTGACGAC Luc Luciferase n/a F-GGTGTTGGGCGCGTTATTTA R-CGGTAGGCTGCGAAATGC
